In a previous study, we found fecal colonization with multiresistant Escherichia coUl exhibiting high-level trimethoprim resistance in 19% of diapered children attending six day-care centers in Houston, Tex. To examine the potential risk factors associated with this finding, we conducted cross-sectional studies among 203 children attending 12 day-care centers, 51 children attending a well-child clinic (controls), and 64 medical students. The prevalence of fecal colonization with trimethoprim-resistant E. coli among children attending day-care centers (30%) was higher (P < 0.001) than among control children (6%) or medical students (8%). The prevalence of colonization among the children attending the 12 centers ranged from 0 to 59% and was correlated with the number of diapered children enrolled (r = 0.73; P < 0.01). In a case control study among the day-care center children, significant risk factors were an age of less than 12 months and attendance at a center with an enrollment of over 40 diapered children (odds ratios of 2.2 and 3.5, respectively); ethnicity, duration of attendance, and prior antibiotic administration were not associated with colonization. Plasmid analysis of 60 of the day-care center strains revealed 22 profiles, each of which was unique to a given day-care center. Transmission and carriage of trimethoprim-resistant strains for as long as 6 months was documented in one center studied on three occasions. Given the documented transmission of enteric pathogens among diapered children attending day-care centers and their spread into family members, it is likely that day-care centers are an important community reservoir of plasmid-associated antibiotic-resistant E. coli.
Resistance to antimicrobial agents, an increasing problem worldwide, is particularly common in certain settings, including tertiary care hospitals, animal feedlots, and developing countries (10) . In a study conducted in 1983, trimethoprim resistance (Tmp) was found in 40 to 50% of over 2, 500 human clinical isolates of Escherichia coli in Chile and Thailand but in only 4 to 8% of concurrent clinical isolates of E. coli in the United States (11) . Since most E. coli infections result from endogenous fecal E. coli, one might hypothesize that the frequency of Tmpr among fecal E. coli would parallel that among clinical isolates in the same population. Levy et al. (7) found 7.5% of healthy medical students in Boston in 1987 to be colonized with Tmpt E. coli, a frequency similar to that among U.S. clinical E. coli isolates (11) .
We conducted a pilot study of antimicrobial agent-resistant fecal flora among children attending day-care centers (DCC) in Houston, Tex., in 1986 (17) and reported that 19% of 79 diapered children in seven DCC were colonized with Tmpr E. coli, all of which were multiresistant. This frequency of Tmpr was higher than that previously reported among strains colonizing healthy U.S. adults (7) or adults receiving trimethoprim (TMP) (3, 14, 19, 20) , suggesting that diapered children attending DCC might be a reservoir of resistant E. coli in this country. The pilot study did not have a non-DCC group of diapered children for comparison.
Moreover, the overall Tmpr E. coli colonization rate of 19% was due primarily to one large DCC in which 37% of children were colonized with one predominant strain of multiresistant E. coli. Because DCC are an increasingly important part of life in the United States and because of the questions raised in our pilot study, we evaluated antibiotic resistance in 203 diapered children in 12 DCC and included two control groups: 51 children in a pediatric clinic and 64 medical students. The current study was designed to determine whether children in DCC are more often colonized by antibiotic-resistant E. coli than are children not attending DCC or healthy adults and to determine whether factors such as DCC size, ethnicity of children, presence of diarrheal disease, and antibiotic use are important determinants of colonization with multiresistant E. coli.
MATERIALS AND METHODS
Populations studied. (i) DCC study. A cross-sectional prevalence survey of fecal colonization with E. coli resistant to TMP, ampicillin (AMP), and sulfamethoxazole (SU) was conducted in July 1986 among diapered children less than 2 years of age attending 12 DCC in Houston, Tex. These 12 DCC were enrolled in prospective studies of diarrhea and had been randomly selected from a list of licensed DCC with enrollments of at least 10 children under the age of 3 years and located within a 5-mile (8-km) radius of the University of Texas Medical School at Houston (UTMSH). Few children from indigent families were likely to be enrolled, since one or both parents were usually employed. Written informed consent from each DCC director and permission from the parents of the enrolled children were obtained. This study Human Subjects of the UTMSH. In conducting each crosssectional study of antimicrobial agent-resistant fecal flora, we obtained a sample from a single stool specimen which was collected weekly from each child participating in the prospective diarrhea study (2) . Reviews of DCC medication administration records and interviews with workers were done weekly to determine the types of antibiotics the children were receiving and the reasons for treatment. At the beginning of the study and at enrollment for new entries, the research nurses recorded information about household and demographic factors with a questionnaire. Seven of the twelve DCC in this study had participated in the previously published cross-sectional study (17) conducted 4 months earlier. One month after that initial study, a prevalence survey was repeated in the DCC which had had the highest proportion of children colonized with Tmpr E. coli (37%).
(ii) Clinic-based study. To obtain a population of children not attending DCC but of similar ages and socioeconomic backgrounds, we studied the controls participating in a case control study of diarrheal disease that was conducted in a large health maintenance organization clinic located near the UTMSH (2) . The (17) . Studies of bacterial total plasmid content were conducted by the lysis method of Kado and Liu (4) followed by agarose gel electrophoresis (17) . Conjugation studies were performed as previously described (12) .
Methods of analysis. (i) Correlation of DCC characteristics with prevalence of Tmpr E. coli colonization. We examined the correlation between the prevalence of colonization in each DCC and total DCC enrollment, enrollment of diapered children, median age of diapered children, and mean weekly prevalence of antimicrobial use and of diarrheal illness. For the purpose of analysis, each child-week was classified as positive for antibiotic use if administration was recorded on 1 or more days that week, and diarrhea was considered present if reported on at least 1 day of that week. The mean weekly prevalence of antibiotic use and of diarrhea in each DCC before and during the prevalence study was calculated by dividing the total individual child-weeks positive for these events by the total child-weeks of observation for each DCC during the period for mid-March to August 1986. Productmoment correlation coefficients were calculated, and statistical significance was tested by logistic regression.
(ii) Case control analysis of individual risk factors for Tmpr E. coli colonization. The risk factors for colonization were examined by comparing the prevalence of Tmpr E. coli colonization by categories of age, race, sex, number of diapered children enrolled in each DCC, duration of attendance at the DCC, and record of prior antibiotic use. Antibiotic administration during any previous week while a child was enrolled in the DCC and during the 4 weeks before sample collection were examined separately. Estimates of the relative risks associated with variables were obtained by calculation of the odds radios by the Mantel-Haenzel method with 95% confidence limits calculated by the method of Taylor (6) . Odds ratios adjusted for confounding variables were obtained by multiple logistic regression.
RESULTS
Colonization with resistant gram-negative bacilli among children in DCC studies. Stool specimens were collected from 213 (85%) of 252 children attending the 12 DCC; the 39 children not tested either were absent or withdrew from the DCC before submitting a specimen. The results for 10 children were excluded from the analysis because of the absence of growth on any of the agar plates. Results were available for TMP and SU for the remaining 203 (81%) children; for AMP, results were available for 200 children because of the loss of the AMP-containing plates from three specimens. (Table 1) . Forty-six children (23%) had organisms that were not resistant to any of these three agents. None of the children had fecal organisms resistant only to TMP, while resistance to SU only was found in 12 (6%), to AMP only in 46 (23%), and to AMP plus SU in 28 (14%) children. Five (3%) children had organisms resistant to TMP and either SU or AMP, while 63 (31%) had organisms resistant to TMP, AMP, and SU. As evidenced by comparison of growth on the test and control media, the proportions of resistant gram-negative bacilli were found to be high, moderate, and low in 66, 19, and 15%, respectively, of the 68 children with Tmpr; 69, 11, and 20% of the 139 children with Ampr; and 64, 14, and 22% of the 106 children with Sur.
( Colonization with resistant gram-negative bacilli among health maintenance organization clinic children. Fifty-four children enrolled in the clinic-based study had a stool specimen processed for resistant gram-negative bacilli.
Three were excluded because of a lack of growth on control media; 20 were tested for resistance to TMP, AMP, and SU; and 31 were tested for resistance to TMP and AMP but not to SU.
(i) Prevalence of colonization with resistant fecal floras.
Tmpr, Ampr, and Sur gram-negative bacilli were found in stool specimens from 11 of 51 (22%), 29 of 51 (57%), and 12 of 20 (60%) health maintenance organization children, respectively (Table 1) . Tmpr E. coli was found in three (6%) of these children. The semiquantitative levels of resistant organisms in stools of colonized children were similar to those in DCC children.
(ii) Antimicrobial agent susceptibility testing of Tmpr E.
col. Although 11 children were colonized with Tmpr gramnegative bacilli, only 3 (6% of the total) had Tmpr E. coli which were identified; the remainder were Pseudomonas spp. and other non-E. coli, non-lactose fermenters. The three E. coli isolates from children in the clinic-based study were all resistant to sulfisoxazole, TMP-SU, streptomycin, and tetracycline; two were resistant to ampicillin and one was resistant to cephalothin.
Colonization with resistant gram-negative bacilli among medical students. Of the 64 medical student volunteers who submitted a stool specimen, all had growth of gram-negative bacilli on the control agar and were included in the analysis.
Colonization with Tmpr and Ampr gram-negative bacilli was found in 6 (9%o) and 54 (84%) specimens, respectively (Table   1) ; Sur was not examined. The levels of colonization of the medical students with the Tmpr organisms were high in three students and moderate in three. In specimens from five (8%) students, Tmpr E. coli were found. The colony from the sixth student was Citrobacter sp. Three of the Tmpr E. coli were also resistant to sulfisoxazole and TMP-SU, four to streptomycin, three to ampicillin, two to cephalothin, four to tetracycline, and one to chloramphenicol. Epidemiologic studies of colonization with Tmpr E. col. (i) Prevalence of colonization in study populations. As shown in Table 1 , colonization with Tmpr E. coli was more common among the DCC children than among the clinic or medical student populations; 30% of 203 DCC children were colonized, compared with 6% of 51 children attending the well-child clinic and 8% of 64 medical students (P < 0.001). Three (10%) of 31 clinic children less than 12 months of age were colonized, compared with none of 20 aged 12 to 23 months (not significant). Only 7 clinic children, none of whom were colonized with Tmpr E. coli, were enrolled in DCC. The results of multiple surveys done in the same DCC were compared to examine temporal trends in colonization with Tmpr E. coli. The prevalences of Tmpr E. coli colonization among children in one DCC (DCC A) in March (the previous pilot study), April, and July were 37% of 30 (17), 34% of 32, and 35% of 34 samples, respectively. The prevalences among children in the other six DCC initially tested in March and retested in July were 8% of 49 children (17) and 18% of 45 children, respectively.
(ii) Correlation of DCC characteristics with prevalence of Tmpr E. coli colonization. Of the 203 children with stool specimens evaluated, the questionnaire on household and socioeconomic factors was completed for 193, and biweekly diarrhea and antibiotic use forms were completed for 198. These forms were not completed for the remaining children, usually because of short stays in the DCC, and they were excluded from the analysis of characteristics as they relate to colonization with resistant organisms.
The enrollment in each of the 12 DCC ranged from 35 to 354 total children and 6 to 50 diapered children. The median age of diapered children at testing ranged from 39 to 91 weeks. Information on antibiotic use and diarrhea was available for 2,509 (90%) of the total child-weeks of observation of diapered children in the 12 DCC. In only 11 (4%) of the 265 weeks of antibiotic use was TMP-SU the antimicrobial agent administered to the child. The mean weekly prevalence of antibiotic use for each of the 12 DCC ranged from 4 to 14%. The mean weekly prevalence of diarrhea in each DCC ranged from 1 to 11%. Among the 12 DCC, the percentage of children colonized with Tmpr E. coli was significantly correlated (r = 0.73; P < 0.01) with the number of diapered children enrolled in each center. The total enrollment of children per DCC was less strongly correlated with colonization with Tmpr E. coli (r = 0.61; P < 0.05). There was no significant correlation between the prevalence of colonization and other DCC characteristics, including mean age (r = -0.3; P = 0.3), mean weekly prevalence of antibiotic use (r = 0.19; P = 0.6), and mean weekly prevalence of diarrhea (r = 0.23; P = 0.5).
(iii) Case control analysis of individual risk factors for Tmpr E. coli colonization. Data from the enrollment questionnaire and the weekly antibiotic use forms were available for 193 children, of whom 59 (30%) were colonized with Tmpr E. coli. The association of Tmpr E. coli colonization with age, race, sex, DCC enrollment of diapered children, duration of DCC enrollment before testing, and record of antibiotic administration to the child in the DCC before testing is shown in Table 2 . By univariate analysis, the statistically significant associations with Tmpr E. coli colonization were younger age, nonblack ethnicity, shorter duration in DCC, and greater enrollment of diapered children; prior antibiotic use did not reach statistical significance. Because of the possibility of confounding associations either exaggerating or diminishing the effect of a risk factor, odds ratios for age, DCC diapered-child enrollment, duration of enrollment, ethnicity, and prior antibiotic use were also calculated after adjustment for the three other factors. As shown in Table 3 , the 95% confidence limits of the odds ratios for Tmpr E. coli colonization exceeded 1.0 (indicating statistical significance of the P < 0.05 level) only for age and greater number of diapered children enrolled in the DCC. The significance of race in the univariate analysis was due to the lower prevalence of colonization with Tmpr E. coli among black children; this appears to have been related to their attendance at DCC with fewer diapered children enrolled. The univariate association between colonization and shorter duration of attendance in DCC was due in part to the confounding association of younger age with more recent enrollment. After adjustment for age, the odds ratio for duration of enrollment of <18 weeks fell to 2.0 and was no longer significant at the P < 0.05 level.
(iv) Comparison of antibiograms and plasmid profiles for identification of Tmpr E. coli strains colonizing DCC children. Of the 67 strains of E. coli, 4 were lost and not tested and 3 strains had no detectable plasmids. One of the strains had a single plasmid, three had two plasmids, and the remaining 56 had three to eight plasmids. By comparing the plasmid patterns, the 60 strains could be classified into 22 profiles. Strains exhibiting minor variation in plasmid pattern were seen in 4 of the 22 profiles (Table 4) ; a minor change was defined as a difference in a plasmid pattern which did not change our interpretation of relatedness (usually.a diference of one band in a complex pattern). Fourteen of the strains had unique plasmid profiles not found in other strains, while the remaining 46 strains were distributed among eight plasmid profiles that were unique to each DCC. The numbers of strains within each of these eight plasmid profiles were as follows: 2 strains in each of two profiles; 3 strains in each of two profiles; and 4, 6, 11, and 15 strains in one profile each (Table 4) .
Among the 60 strains tested, there were nine different antibiograms. The strains within each antibiogram could be classified into 1 to 5 plasmid profiles. Twenty strains were resistant to seven agents (AMP, cephalothin, chloramphenicol, streptomycin, sulfisoxazole, tetracycline, and TMP), and six strains were resistant to six of these seven.
Since prevalence surveys were conducted on three occasions in DCC A, there were data from 46 children whose stools were tested two or three times at 6-to 10-week (3, 7, 14, 19, 20) ; perhaps as a corollary, clinical isolates of Tmpr E. coli have also remained uncommon (5, 8, 11, 21) . A second reason is that in this study and in our previous studies,'the presence of Tmpr has been an excellent indicator of the presence of multire'sistance and is a better indicator than resistance to either AMP or sulfonamides (13, 17) . The (1, 9, 11, 18, 22) . An outbreak of community-acquired urinary tract infections with bacteremia with Tmpr and multiresistant E. coli in England (15) The results of the current study expand the results of our previous pilot study to show that Tmpr is found commonly in many DCC and is significantly more common in such settings than in children not in DCC or in adults (Table 1) . Five of the 12 centers in the current study had more than 30% of children colonized, and one had 59% of children colonized, with Tmpr E. coli. We have also shown that levels of resistance can remain high over several months, as was illustrated by one center in which 34 to 37% of children were colonized throughout a 5-month period.
Among the DCC characteristics that we prospectively examined, the number of diapered children was most strongly correlated with the prevalence of colonization by resistant E. coli; the total enrollment of children per DCC was less strongly correlated with colonization. Recorded antibiotic use was common, with a mean of 4 to 14% of child-weeks of observation in the various DCC, but we found no significant correlation between Tmpr E. coli colonization in DCC and the frequency of antibiotic use as recorded by the centers.
Evaluation of characteristics of individual children showed that in addition to an increased risk of Tmpr E. coli associated with an enrollment of greater than 40 diapered children (3.5-fold increase), there was an increased risk associated with an age of less than 1 year (2.2-fold increase) ( Table 3) . Characteristics of the children that were not significantly associated with colonization by resistant E. coli included the recorded antibiotic use by an individual child, sex, ethnicity, and duration in the DCC (Table 3 ). The association of colonization with number of diapered children enrolled suggests that the higher prevalence of fecal colonization with multiresistant E. coli in DCC with larger numbers is due to the greater likelihood of introduction of resistant organisms into the pool, the greater potential for spread, and/or to prolonged survival of strains. The reason for the greater frequency of colonization among DCC children less than 1 year of age could be a greater likelihood of exposure, a tendency for more prolonged carriage in this age group compared with children in the second year of life, or both. Our cross-sectional studies were not designed to evaluate the reasons for this unexpected finding.
Although the association between the'number of diapered children and TMP resistance is not surprising, the failure to detect an association between colonization and recent or long-term antibiotic use is rather surprising. The lack of association between colonization with resistant bacteria and recent antibiotic use has been noted previously in studies of nonhospitalized individuals'(7). This may indicate that the size of the population of susceptible persons (young diapered infants receiving antibiotic therapy) determines the likelihood of exposure and thus of colonization. Alternatively, the duration of carriage may be long enough that variation in individual antibiotic use is less important in this group, which has high rates of antibiotic use overall. Finally, we may have underestimated actual antibiotic consumption, since the source of data available to us was the DCC record of antibiotic administration; some therapies might have been administered at home, and that information may not have been conveyed to the DCC.
In conclusion, this study demonstrates that fecal colonization with Tmpr E. coli is more common among children in DCC than among children not in DCC or healthy young adults and that children in large DCC are at increased risk for colonization by such strains. We have also shown that the occurrence of Tmpr indicates resistance to several other antimicrobial agents as well; the corollary is that any of the antibiotics to which Tmpr E. coli is resistant could exert a positive selective pressure for Tmpr. Because some of the VOL. 34, 1990 on November 6, 2017 by guest http://aac.asm.org/ Downloaded from antibiotics more often used in DCC, such as TMP-SU, are not so widely used in animal feedlots and hospitals, it also seems possible that DCC may represent a more important reservoir of Tmpr E. coli in the United States than do these other more widely recognized settings. Although the disease-causing potential of these strains was not demonstrated in this study, it is likely that their appearance and spread is a harbinger of future infections by Tmpr and multiresistant outpatient-acquired E. coli in this or related populations.
